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EXECUTIVE  SUMMARY 


Throughout  the  last  century,  Alberta's  bull  trout  {Salvelinus  confluentus)  populations 
have  been  in  decline.  This  decline  is  attributed  to  impacts  associated  with  human 
activities  including  angling  pressure,  habitat  fragmentation  and  degradation,  the 
creation  of  migratory  barriers  and  the  introduction  of  non-native  fish  stocks.  As  a result, 
the  distribution  of  Alberta's  bull  trout  is  now  restricted  to  headwater  drainages  along 
the  East  Slopes  of  the  Rocky  Mountains.  In  particular,  the  distribution  of  bull  trout  in 
the  Oldman  River  watershed  has  been  reduced  to  33%  of  its  historic  range,  with  the 
majority  of  the  populations  occupying  headwater  drainages,  including  the  upper 
Oldman  (UOM)  River  drainage.  Industrial  and  recreational  activities,  such  as  logging 
and  off-highway  vehicle  use,  are  currently  intensifying  in  the  UOM  River  drainage  and 
the  cumulative  effects  of  these  activities  have  led  to  the  degradation  of  bull  trout  habitat. 
The  current  status  of  bull  trout  in  the  UOM  River  drainage  remains  unclear  since  few 
studies  have  been  completed  on  this  population,  which  therefore  complicates  the 
management  of  the  fishery. 

Alberta  Conservation  Association  conducted  a four-year  bull  trout  population 
assessment  in  the  UOM  River  drainage.  The  study's  objectives  were  to  determine  the 
abundance  of  migratory  adult  bull  trout,  identify  the  migratory  patterns  of  bull  trout, 
and  identify  bull  trout  spawning  habitat  throughout  the  drainage.  We  installed  fish 
traps  in  four  historic  bull  trout  spawning  tributaries.  Hidden  Creek,  the  lower 
Livingstone  River,  Racehorse  Creek  and  Dutch  Creek,  to  capture  post-spawn  migratory 
bull  trout.  We  marked  each  captured  adult  bull  trout  (>300  mm  FL)  with  a transponder 
tag  which  permitted  us  to  identify  recaptured  fish  during  trapping. 

Recapture  data  allowed  us  to  observe  the  migratory  patterns  of  bull  trout  throughout 
the  UOM  River  drainage.  We  recaptured  several  bull  trout  originating  from  Hidden 
Creek  in  the  lower  Livingstone  River,  Racehorse  Creek,  Dutch  Creek,  and  the  lower 
Oldman  River.  We  also  recaptured  bull  trout  originating  from  Dutch  and  Racehorse 
creeks  in  the  lower  Livingstone  River. 

We  conducted  redd  surveys  to  identify  bull  trout  spawning  habitat  throughout  the 
UOM  River  drainage.  Since  2008,  we  have  confirmed  spawning  areas  in  all  historic  bull 
trout  spawning  tributaries,  namely  Hidden  Creek,  the  lower  Livingstone  River, 


Racehorse  Creek,  and  Dutch  Creek.  We  confirmed  additional  spawning  habitat  in  the 
UOM  River,  the  upper  Livingstone  River,  South  Racehorse  Creek,  Savanna  Creek,  and 
Daisy  Creek.  We  observed  the  largest  number  of  bull  trout  redds  in  Hidden  Creek  and 
fish  to  redd  ratios  suggest  that  they  were  produced  by  migratory  fish.  Bull  trout  redds 
observed  upstream  of  Livingstone  River  Falls,  specifically  the  upper  Livingstone  River, 
and  Savanna  Creek,  were  classified  as  stream-resident  redds  since  migratory  fish  cannot 
pass  this  barrier.  In  Dutch  Creek  and  Racehorse  Creek  we  observed  a greater  number  of 
redds  than  fish  captured  by  our  fish  traps,  indicating  that  both  stream-resident  and 
migratory  bull  trout  spawn  in  these  tributaries. 

Over  three-quarters  of  our  total  fish  trap  catch  was  from  Hidden  Creek,  indicating  that 
this  is  a vital  migratory  bull  trout  spawning  tributary.  The  remaining  migratory  fish 
were  captured  in  Dutch  Creek,  Racehorse  Creek,  and  the  lower  Livingstone  River, 
suggesting  that  these  spawning  tributaries  contribute  fewer  migratory  fish  to  the  UOM 
River  drainage  bull  trout  population.  However,  post-spawn  fish  movements  attest  to 
the  interconnectedness  of  the  UOM  bull  trout  population  and  their  dependence  on  all 
tributaries  in  the  drainage.  It  is  apparent  that  each  bull  trout  spawning  tributary  in  the 
UOM  River  drainage  plays  a key  role  in  the  long-term  persistence  of  the  UOM  bull  trout 
population  and  if  degradation  of  these  streams  continue,  bull  trout  populations  may  be 
at  further  risk. 


Key  words:  Alberta,  abundance,  bull  trout,  distribution,  migratory,  stream-resident, 
upper  Oldman  River  drainage 
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1.0  INTRODUCTION 


Throughout  the  last  century,  the  abundance  and  distribution  of  Alberta's  bull  trout 
{Salvelinus  confluentus)  populations  have  drastically  declined  and  the  species  is  currently 
restricted  to  the  headwater  drainages  of  the  Peace,  Athabasca,  North  Saskatchewan,  and 
South  Saskatchewan  river  basins.  This  decline  is  attributed  to  anthropogenic  impacts, 
including  angling  pressure,  habitat  fragmentation  and  degradation,  the  creation  of 
migratory  barriers,  and  the  introduction  of  non-native  fish  stocks  (ASRD  and  ACA 
2009).  The  decline  in  bull  trout  populations  has  resulted  in  threatened  designations  and 
extirpation  throughout  the  species'  native  range  (Rieman  and  Clayton  1997;  Nelson  et  al. 
2002).  Currently,  the  General  Status  of  Wild  Species  (2000)  has  ranked  Alberta's  bull 
trout  as  a "Sensitive"  species  and  the  United  States  Endangered  Species  Act  (1999)  has 
listed  bull  trout  (lower  48  states)  as  a "Threatened"  species. 

Bull  trout  inhabit  unproductive  coldwater  streams,  rivers,  and  lakes,  which  contribute  to 
the  species'  slow  growth  rate,  late  maturity  and  non-repetitive  spawning  behaviour 
(Nelson  and  Paetz  1992).  Bull  trout  prefer  diverse  habitats  with  stable  surface  and 
subsurface  flows,  low  proportions  of  fine  sediments,  available  cover,  cold  water,  and 
open  migratory  corridors  (McCart  1997;  Watson  and  Hillman  1997;  Haas  2001).  The 
expression  of  different  life  history  strategies  in  a bull  trout  population  is  attributed  to 
habitat  diversity  and  connectivity  (Rieman  and  Clayton  1997).  The  specific  habitat 
preferences  and  low  reproduction  and  growth  rates  of  bull  trout  contribute  to  their 
sensitivity  to  environmental,  biological,  and  anthropogenic  disturbances  (Nelson  and 
Paetz  1992;  ASRD  and  ACA  2009). 

Bull  trout  exhibit  two  main  life  history  strategies;  non-migratory  and  migratory.  In 
Alberta,  non-migratory  bull  trout  permanently  reside  in  low-order  headwater  streams, 
whereas  migratory  bull  trout  reside  in  large  rivers  or  lakes  and  migrate  to  spawn  in 
headwater  streams.  Non-migratory  bull  trout  are  also  referred  to  as  stream-residents,  as 
spawning  and  rearing  occurs  within  their  natal  stream  (Nelson  and  Paetz  1992).  These 
fish  mature  earlier  and  are  typically  smaller  than  migratory  fish  (<300  mm  fork  length  - 
FL)  because  they  reside  in  low-productivity  waterbodies  (Bellerud  et  al.  1997;  Earle  and 
McKenzie  2001).  Stream-resident  bull  trout  populations  are  generally  isolated  from 
other  bull  trout  populations,  typically  by  migration  barriers  (McPhail  and  Baxter  1996). 


There  are  two  types  of  migratory  life  history  forms;  fluvial  bull  trout  which  inhabit 
larger  main-stem  streams  and  rivers  most  of  their  life,  and  adfluvial  bull  trout  which 
reside  in  lakes  and  reservoirs  (McPhail  and  Baxter  1996).  Migratory  bull  trout  grow 
larger  than  stream-resident  fish  (>300  mm  FL)  because  they  reside  in  larger,  more 
productive  waterbodies  (Clayton  1999;  Hvenegaard  and  Thera  2001).  Migration  can  be 
extensive;  bull  trout  have  been  documented  to  migrate  up  to  400  km  (McPhail  and 
Baxter  1996).  Upstream  migration  occurs  early  in  the  summer  as  water  temperatures 
and  stream  flows  increase,  and  timing  typically  varies  depending  on  the  distance 
migrated  (Mushens  2003;  Popowich  and  Paul  2006;  Monnot  et  al  2008). 

Life  history  strategies  and  fish  density  are  two  factors  that  affect  bull  trout  spawning 
behaviour  (ASRD  and  AC  A 2009).  Alternate-year  spawning,  where  individuals  spawn 
once  every  two  years,  is  common  among  migratory  bull  trout  populations  (Nelson  and 
Paetz  1992).  Non-repetitive  spawning  is  also  common  in  migratory  fish  because  of  the 
high  energy  costs  associated  with  migration  and  gamete  development  (ASRD  and  ACA 
2009).  Repetitive  spawning  occurs  less  in  Alberta's  migratory  bull  trout  populations  as 
less  than  20%  of  migrants  return  annually  to  spawn  (Hvenegaard  and  Fairless  1998; 
Johnston  and  Post  2009).  As  adult  fish  densities  increase,  non-repetitive  spawning 
becomes  more  common,  especially  amongst  females  (Johnston  and  Post  2009). 

As  an  apex  predator,  the  migratory  life  cycle  of  bull  trout  is  a highly  successful  strategy 
(Whitesel  et  al.  2004).  It  is  common  for  stream-resident  and  migratory  bull  trout  to 
inhabit  the  same  waterbody,  but  where  these  two  life  history  forms  coexist,  the 
migratory  form  is  dominant  (Fredenberg  et  al.  2005).  Historically,  the  upper  Oldman 
(UOM)  River  bull  trout  population  exhibited  both,  stream-resident  and  fluvial,  life 
history  forms,  but  since  the  development  of  the  Oldman  River  Dam,  an  adfluvial  bull 
trout  population  is  believed  to  have  become  established  in  the  Oldman  Reservoir 
(Warnock  2008). 

The  UOM  River  drainage  supports  two  main  bull  trout  populations,  the  Livingstone 
River  population  and  the  Oldman  River  population.  Within  these  two  populations, 
there  are  four  subpopulations.  Hidden  Creek,  Racehorse  Creek,  the  lower  Livingstone 
River,  and  the  upper  Livingstone  River  (Warnock  2008).  The  upper  Livingstone  River 
sub-population  consists  primarily  of  stream-residents.  This  population  contributes  a 
small  number  of  migrants  to  downstream  populations  due  to  the  impassable  fish  barrier 
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created  by  the  Livingstone  River  Falls  (Warnock  2008).  The  remaining  three  sub- 
populations are  migratory,  with  Hidden  Creek  comprising  the  largest  population. 
Racehorse  Creek  the  second  largest,  and  the  lower  Livingstone  River  the  smallest.  Bull 
trout  also  inhabit  Dutch  Creek  and  originate  from  the  Hidden  Creek  sub-population 
(Warnock  2008).  These  sub-populations  are  believed  to  be  short-range  migrants, 
migrating  less  than  50  km,  likely  because  of  seasonal  barriers  within  the  UOM  River 
drainage  (Warnock  2008). 

Bull  trout  distribution  within  the  Oldman  River  watershed  has  decreased  to  33%  of  its 
historic  distribution,  largely  since  the  1950s  (Fitch  1997).  The  cumulative  effects  of 
logging,  gas  exploration  and  extraction,  off-highway  vehicle  use,  livestock  grazing,  and 
random  access  camping  have  negatively  impacted  bull  trout  and  their  habitats  in  the 
UOM  River  drainage.  Recently  these  industrial  and  recreational  activities  have 
intensified,  particularly  in  sub-drainages  that  support  bull  trout  spawning.  Few  bull 
trout  studies  have  been  completed  in  the  UOM  River  drainage,  so  the  current  status  of 
the  UOM  bull  trout  population  remains  unclear.  Baseline  data  on  migratory  bull  trout 
abundance  and  distribution  with  the  UOM  River  drainage  are  necessary  before  long- 
term industrial  and  recreational  activities  further  affect  the  population. 

Alberta  Conservation  Association  (ACA)  completed  a four-year  study  documenting  the 
abundance  of  migratory  bull  trout  sub-populations,  the  distribution  of  bull  trout 
spawning  habitat,  and  the  migratory  patterns  of  bull  trout  throughout  the  UOM  River 
drainage.  Our  study  focused  on  capturing  and  marking  migratory  bull  trout  in  historic 
spawning  tributaries  and  conducting  redd  surveys  in  historic  bull  trout  spawning 
tributaries  throughout  the  UOM  River  drainage.  This  document  is  the  final  report 
documenting  the  data  collected  between  2007  and  2010.  The  main  objectives  of  our 
study  were  to: 

1.  Determine  the  abundance  of  migratory  adult  bull  trout  in  the  Hidden  Creek, 
lower  Livingstone  River,  Racehorse  Creek,  and  Dutch  Creek  sub-populations. 

2.  Identify  migration  patterns  of  bull  trout  throughout  the  UOM  River  drainage. 

3.  Identify  spawning  reaches  in  historic  and  suspected  bull  trout  spawning 
tributaries  throughout  the  UOM  River  drainage. 


2.0  STUDY  AREA 


The  UOM  River  drainage  originates  in  southern  Alberta  along  the  East  Slopes  of  the 
Rocky  Mountains  (Figure  1).  The  entire  headwater  drainage  is  confined  between  the 
Continental  Divide  and  the  Livingstone  Range,  and  is  comprised  of  coldwater  streams 
and  rivers.  Major  tributaries  entering  the  UOM  River  include  the  Livingstone  River, 
Hidden  Creek,  Dutch  Creek,  Racehorse  Creek,  Vicary  Creek  and  Daisy  Creek. 

Numerous,  permanent  and  seasonal,  fish  barriers  exist  in  the  UOM  River  drainage.  At 
the  lower  reach  of  the  drainage,  the  UOM  River  flows  through  the  Gap  Canyon  which 
contain  a series  of  3 to  4 m waterfalls  that  constitute  the  Gap  Falls.  Downstream  of  Gap 
Falls,  the  Oldman  River  flows  approximately  50  km  through  the  foothills  before  it  enters 
the  Oldman  Reservoir.  Just  upstream  of  the  Oldman  Reservoir,  the  Oldman  River  flows 
through  a second  canyon  known  as  Waldrons  Flats,  consisting  of  Waldrons  Falls,  a 3 to  4 
m ledge  that  produces  a large  plunge  pool.  Other  falls  include  the  Livingstone  River 
falls,  and  Vicary  Creek  falls  all  of  which  constitute  permanent  fish  barriers  that  prohibit 
upstream  fish  passage.  No  fish  species  are  present  upstream  of  Vicary  Creek  falls  and 
Westslope  cutthroat  trout  {Oncorhyncus  clarkii  lewisii)  are  the  only  species  present 
upstream  of  the  UOM  River  falls. 

The  UOM  River  drainage  is  popular  among  local,  national,  and  international  anglers. 
Trout  harvest  is  permitted  in  the  UOM  River  with  the  exception  of  the  province-wide 
zero  harvest  regulation  for  bull  trout  (ASRD  2010).  A catch-and-release  regulation  is  in 
effect  for  all  fish  species  throughout  the  Livingstone  River  drainage  and  the  UOM  River 
downstream  of  the  Racehorse  Creek  confluence. 

Our  study  area  encompasses  the  entire  UOM  River  drainage,  including  all  major 
tributaries,  upstream  of  the  Gap  Falls. 
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Figure  1.  Upper  Oldman  River  drainage  bull  trout  fish  trap  locations,  2007  - 2010. 


3.0  MATERIALS  AND  METHODS 


3.1  Fish  traps 

In  2007  we  installed  a bi-directional  aluminium  conduit  fish  trap  in  Hidden  Creek  to 
capture  migratory  adult  bull  trout  (>300  mm  FL)  to  determine  the  importance  of  the 
creek  as  a spawning  tributary  and  to  identify  the  timing  of  the  post-spawn  run 
(Appendix  1).  The  trap  consisted  of  two  holding  cages  installed  directly  adjacent  to  one 
another,  in  order  to  capture  both  pre-spawn  and  post-spawn  migratory  bull  trout.  The 
trap  was  installed  during  the  last  week  of  July  and  removed  in  the  fall,  when  no  fish  had 
been  captured  for  a period  of  five  consecutive  days.  Results  from  this  preliminary  year 
of  trapping  allowed  us  to  develop  a trapping  protocol  which  targeted  the  post-spawn 
migration. 

From  2008  to  2010  we  installed  four  uni-directional  fish  traps  in  the  fall  to  capture  post- 
spawn migratory  adult  bull  trout  in  Hidden  Creek,  the  Livingstone  River,  Racehorse 
Creek,  and  Dutch  Creek.  Fish  traps  were  installed  in  the  second  last  week  of  August 
until  a period  of  five  consecutive  days  in  which  no  fish  were  captured. 

Each  fish  trap  consisted  of  aluminium  conduit  held  in  place  with  aluminium  frames  and 
steel  A-frame  support  stands.  We  positioned  holding  cages  in  the  middle  of  run  sections 
and  attached  trap  wings  at  approximately  a 45  degree  angle  from  the  cage  to  the 
adjacent  stream  banks  to  produce  a V-shaped  fish  barrier  that  funnelled  migrating  fish 
into  the  holding  cage. 

To  assess  the  relationship  between  water  temperature  and  the  timing  of  post-spawn 
migration,  we  installed  HOBO  (Onset)  temperature  data  loggers  in  each  spawning 
tributary  while  the  fish  trap  was  operational. 

Traps  were  checked  daily  to  reduce  fish  stress  and  minimize  mortality.  Before  checking 
a trap,  we  captured  fish  staging  upstream  and  downstream  of  the  trap  using  dip  nets. 
We  individually  marked  all  bull  trout  >300  mm  FL  with  Passive  Integrated 
Transponders  (PIT).  We  scanned  all  adult  bull  trout  with  a Biomark  pocket  reader  to 
identify  recaptured  fish.  PIT  tags  were  injected  into  the  dorsal  musculature  at  the  base 
of  the  dorsal  fin  using  a sterilized  12-gauge  needle.  Prior  to  insertion,  we  scanned  and 
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recorded  the  marker  tag  and  following  tag  insertion  we  applied  a second  scan  to  ensure 
tag  retention.  We  anaesthetized  newly  captured  fish  in  a clove  oil  solution  (10  drops 
clove  oil/10  mL  of  anhydrous  ethanol/10  L water)  to  reduce  stress  and  ease  fish  handling 
prior  to  tag  insertion. 

We  measured  fork  length  (mm),  total  length  (mm)  and  weight  (g)  for  each  captured  fish. 
We  determined  fish  sex  either  by  gently  stripping  the  fish  abdomen  and  observing  the 
extruded  reproductive  material  (milt  or  eggs)  or  by  identifying  males  by  the  presence  of 
a kype  and  an  orange  coloured  abdomen  (Baxter  1997);  sex  was  noted  as 
'"undetermined"  for  all  other  fish.  Following  sampling,  we  allowed  fish  to  revive  and 
released  them  back  into  the  stream,  away  from  the  trap  in  accordance  with  their  original 
direction  of  travel. 

In  2010,  unseasonably  high  precipitation  resulted  in  high  stream  flows  and  caused  fish 
trap  failures  in  the  lower  Livingstone  River,  Racehorse  Creek,  and  Dutch  Creek  locations 
on  20  September.  We  successfully  reinstalled  the  Dutch  Creek  fish  trap  on  23 
September,  2010  but  were  unable  to  reinstall  those  in  Livingstone  River  and  Racehorse 
Creek. 


3.2  Redd  surveys 

Beginning  in  2008,  redd  surveys  were  conducted  in  all  historic  and  suspected  bull  trout 
spawning  tributaries  in  the  UOM  River  drainage.  A minimum  of  three  surveys  were 
conducted  in  all  known  spawning  reaches  of  the  historic  spawning  streams.  These 
surveys  were  staggered  throughout  the  spawning  season  to  monitor  the  progress  and 
timing  of  spawning.  Final  redd  surveys  were  completed  in  the  last  week  of  trapping  to 
ensure  spawning  was  complete,  to  account  for  fish  that  remained  upstream  of  the  traps, 
and  to  count  the  total  number  of  bull  trout  redds  in  the  stream.  We  conducted 
additional  redd  surveys  in  suspected  spawning  streams  including  the  Oldman  River, 
Savanna  Creek,  Isolation  Creek,  Mean  Creek,  and  Daisy  Creek.  We  surveyed  each  of 
these  streams  at  least  once  and  completed  three  surveys  on  streams  where  redds  were 
observed  in  the  initial  survey. 

Our  redd  survey  methodology  followed  established  protocols  (Gerrand  and  MacCulloch 
1995;  Gerrand  and  Watmough  1996)  and  consisted  of  two  or  more  crew  members 


wading  upstream  and  observing  bull  trout  redds  and/or  spawning  activity.  At  each 
redd  we  recorded  redd  length  (cm),  redd  width  (cm)  and  water  depth  (cm)  (Appendix 
2);  for  superimposed  redds,  we  enumerated  the  total  number  of  pits  and  measured  a 
representative  water  depth  for  the  entire  spawning  area.  GPS  locations  were  acquired 
for  each  redd  using  a Garmin  GPSMap  60Cx  GPS  unit  (UTM,  NAD  83,  Zone  11). 

3.3  Sample  angling 

We  angled  to  capture  and  tag  adult  bull  trout  in  an  effort  to  identify  migratory  fish 
entering  the  study  area.  Angling  was  conducted  between  April  and  July,  2007  to  2009, 
the  time  when  bull  trout  commenced  their  upstream  migration.  Our  angling  efforts 
were  focused  on  the  plunge  pools  of  Gap  Falls  and  Waldron  Falls,  where  we  observed 
bull  trout  staging  prior  to  migration.  We  sampled  and  tagged  all  adult  bull  trout  (>300 
mm  FL)  with  the  same  methods  as  at  our  fish  traps. 

3.4  Electrofishing 

In  2007,  we  electrofished  46  sites  throughout  the  UOM  River  drainage  as  part  of  our 
population  abundance  and  stock  assessment  of  Westslope  cutthroat  trout  study  (see 
Blackburn  2008).  At  the  same  time  we  sampled  and  tagged  all  adult  bull  trout  (>300  mm 
FL)  with  the  same  methods  used  at  our  fish  traps. 

4.0  RESULTS 

4.1  Hidden  Creek 

4.1.1  Fish  trap  catch 

We  captured  229  migratory  adult  bull  trout  in  Hidden  Creek  between  2007  and  2010, 
which  represents  79%  (n=291)  of  the  total  trap  catch  for  the  UOM  River  drainage 
(Appendix  3).  In  2007,  we  captured  123  bull  trout  which  represented  the  largest  yearly 
catch  during  the  study  (Table  1).  In  2008  and  2009  the  Hidden  Creek  bull  trout  sub- 
population represented,  73%  and  81%,  respectively  of  the  total  catch  in  the  UOM  River 
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drainage  (Figure  2).  Thus,  based  on  numbers,  it  is  evident  that  the  Hidden  Creek  sub- 
population represents  the  majority  of  the  UOM  migratory  adult  bull  trout  population. 

Table  1.  Mark-recapture  history  of  bull  trout  in  Hidden  Creek,  2007  - 2010. 


Trapping 

year 

Number 

captured 

Number 

newly 

marked 

Number  recaptured  in 
subsequent  years 

2008 

2009 

2010 

2007 

123 

121 

28 

23 

22 

2008 

81 

53 

- 

9 

17 

2009 

60 

27 

- 

6 

2010 

73 

28 

- 

Total 

337 

251 

28 

32 

45 
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Dutch  Creek, 
8% 

(n  = 8) 


Racehorse 
Creek,  12° 
{n  = 13) 

Livingstoni 
River,  7°o 
(n=8) 


2008 


2009 


Figure  2.  Proportion  of  migratory  adult  bull  trout  captured  in  fish  traps  in  the  upper 
Oldman  River  drainage,  2008  and  2009. 
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4.1.2  Spawning  behavior 


Both  repetitive  and  non-repetitive  spawning  behaviour  was  observed  in  Hidden  Creek, 
but  non-repetitive  was  the  most  common.  Of  the  229  bull  trout  captured,  65%  (n=149) 
were  encountered  once,  14%  (n=33)  were  alternate-year  spawners  caught  every  second 
year,  and  21%  (n=47)  were  consecutive-year  spawners  caught  in  two  or  more  successive 
years.  Of  the  47  alternate  spawners,  20  were  males,  24  were  females,  and  3 were 
undetermined.  Site  fidelity  was  common  amongst  the  Hidden  Creek  bull  trout 
population  as  35  to  65%  of  the  total  trap  catches  between  2008  and  2010  were  recaptured 
bull  trout  from  previous  years. 

Each  year,  the  post-spawn  migration  began  during  the  first  week  of  September  and 
remained  steady  until  the  third  week  of  September  (Appendix  4).  Catch  rates  generally 
peaked  during  the  second  week  of  September  and  with  the  exception  of  a few 
individuals,  the  post-spawn  run  was  complete  before  October.  Typically,  the  post- 
spawn run  began  when  stream  average  water  temperature  dropped  below  S'^C. 

4.1.3  Migratory  patterns 

Over  the  duration  of  the  study  we  observed  several  post-spawn  bull  trout  from  Hidden 
Creek  migrate  to  other  major  tributaries  throughout  the  UOM  River  drainage.  In  2007, 
one  Hidden  Creek  bull  trout  was  recaptured  at  an  electrofishing  site  in  the  Livingstone 
River,  immediately  upstream  of  the  confluence  of  the  Livingstone  and  Oldman  rivers. 
In  2008,  11  post-spawn  Hidden  Creek  bull  trout  were  recaptures;  7 in  the  Livingstone 
River,  2 in  Dutch  Creek,  and  2 in  Racehorse  Creek.  One  Hidden  Creek  bull  trout  tagged 
in  2007  was  recaptured  by  angling  in  the  plunge  pool  downstream  of  the  Gap  Falls  in 
May  2008  and  was  recaptured  a second  time  in  Hidden  Creek  in  September  2008. 

In  2009,  fewer  Hidden  Creek  bull  trout  were  recaptured  at  other  major  tributaries 
throughout  the  drainage  than  in  2008.  In  total,  4 Hidden  Creek  bull  trout  tagged  in  2008 
were  recaptured;  2 in  the  lower  Livingstone  River,  one  of  which  was  also  recaptured  in 
2008;  1 in  Racehorse  Creek;  and  1 in  Dutch  Creek.  The  fish  recaptured  in  Dutch  Creek 
was  recaptured  a second  time  in  Hidden  Creek  in  2010.  During  2010,  2 fish  tagged  in 
Hidden  Creek  in  2008,  were  recaptured  a second  time  in  Hidden  Creek  and  recaptured  a 
third  time  in  the  lower  Livingstone  River.  Two  additional  Hidden  Creek  bull  trout 


tagged  in  2007  and  1 tagged  in  2008  were  recaptured  in  the  lower  Livingstone  River  in 
2010.  We  recaptured  2 Racehorse  Creek  bull  trout  in  Hidden  Creek  in  2010. 

4.1.4  Redd  survey 

Beginning  in  2008,  we  completed  redd  surveys  throughout  the  entire  survey  reach  in 
Hidden  Creek  (10.6  km).  In  all  three  survey  years,  we  observed  that  most  redds  were 
situated  downstream  of  the  Hidden  Creek  Falls  (Figure  3).  In  2008,  we  observed  11 
redds  upstream  of  the  falls  but  did  not  locate  any  additional  redds  in  this  region  in 
subsequent  years.  In  2008,  108  redds  were  observed  throughout  the  entire  reach  of 
Hidden  Creek,  97  of  which  were  downstream  of  the  falls.  All  redds  in  2009  (n=77)  and 
2010  (n=39)  were  located  downstream  of  the  falls.  Unseasonably  high  flows  prevented 
redd  surveys  during  the  latter  part  of  the  2010  spawning  season. 

The  highest  density  of  bull  trout  redds  occurred  in  a 100  m reach  of  the  stream, 
approximately  200  m downstream  of  the  falls.  Spawning  activity,  (ie.  fish  were  observed 
to  be  on  or  near  redds)  peaked  between  the  last  week  of  August  and  mid-September 
after  which  time  fewer  new  redds  were  observed.  In  both  2008  and  2009,  the  number  of 
bull  trout  redds  were  higher  than  the  number  of  fish  captured  in  traps  and  fish  to  redd 
ratios  were  similar  for  both  years  at  0.76  (82  bull  trout:  108  redds)  for  2008  and  0.77  (59 
bull  trout:  77  redds)  for  2009. 
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Figure  3.  Distribution  of  bull  trout  (BLTR)  redds  observed  in  Hidden  Creek,  2008  - 
2010. 
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4.1.5  Size  structure 


Overall,  the  length  of  bull  trout  captured  in  Hidden  Creek  during  our  study  ranged 
from  308  to  800  mm  FL,  with  an  associated  weight  range  of  125  to  5,500  g (Table  2; 
Appendix  5);  the  largest  fish  (800  mm  FL,  5,550  g)  was  a male  captured  in  2010.  Yearly 
mean  length  and  weight  ranges  were  552-561  mm  FL  and  1,662.4-1,852.6  g,  respectively. 

Table  2.  Summary  of  measurements  of  bull  trout  captured  in  Hidden  Creek,  2007  - 
2010. 


Year 

Fork  length  (mm) 

Weight  (g) 

n 

Mean  (±SD) 

Range 

Mean  (±SD) 

Range 

2007 

551.8  ±95.8 

308  - 760 

1,762.5  ± 852.3 

125  - 4,000 

123 

2008 

560.5  + 92.8 

321  - 751 

1,852.6  ± 852.6 

328  - 3,950 

81 

2009 

547.6  ±91.0 

373  - 778 

1,662.4  ± 840.3 

400  - 4,500 

60 

2010 

551.9  ±90.4 

399  - 800 

1,762.7  ± 938.8 

650  - 5,500 

73 

Where  sex  was  identified,  males  were  more  abundant  than  females  in  all  years  (Table  3). 
However,  a true  representation  of  sex  ratio  was  not  possible  because  of  the  high  number 
of  individuals  with  undetermined  sex. 

Table  3.  Sex  distribution  of  bull  trout  captured  in  Hidden  Creek,  2007  - 2010. 


Sex 

2007 

2008 

2009 

2010 

Male 

51 

41 

26 

35 

Female 

42 

28 

20 

22 

Undetermined 

30 

12 

13 

16 

Total 

123 

81 

59 

73 
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4.2 


Livingstone  River 


4.2.1  Fish  trap  catch 

A total  of  31  migratory  adult  bull  trout  were  captured  in  the  lower  Livingstone  River 
fish  trap  between  2008  and  2010.  The  trap  catch  was  highest  in  2008  (19  bull  trout)  and 
declined  to  7 and  5 fish  in  2009  and  2010,  respectively.  Trap  failure  due  to  atypical  high 
flows  likely  reduced  the  catch  in  2010.  Of  the  total  bull  trout  captured  in  the  UOM  River 
drainage  (n=292)  only  5.4%  (n=16)  was  from  the  lower  Livingstone  River.  Of  the  16  bull 
trout  captured  and  tagged  at  the  lower  Livingstone  River,  no  fish  were  recaptured 
between  2008  and  2010.  A total  of  13  bull  trout  were  recaptured  in  the  lower 
Livingstone  River  that  originated  from  other  spawning  tributaries  in  the  UOM  River 
drainage;  10  from  Hidden  Creek  (including  2 fish  consecutively  recaptured),  2 from 
Racehorse  Creek,  and  1 from  Dutch  Creek. 

4.2.2  Spawning  behavior 

As  we  did  not  recapture  any  Livingstone  River  bull  trout,  we  could  not  identify  the 
spawning  behaviour  or  migratory  patterns  expressed  by  this  bull  trout  subpopulation. 
However,  our  recapture  data  for  migratory  bull  trout  from  other  spawning  tributaries 
(n=13)  suggests  that  the  lower  Livingstone  River  functions  as  staging  habitat  during 
migration  or  perhaps  an  overwinter  refuge. 

We  captured  lower  Livingstone  River  bull  trout  during  all  weeks  of  the  spawning 
season;  however,  we  captured  most  of  the  upstream  migrating  fish  from  other  spawning 
tributaries  starting  in  mid-September  (Appendix  6).  In  2008  and  2010,  bull  trout  began 
their  migration  when  the  average  water  temperature  cooled  below  9®C;  in  2009,  water 
temperature  did  not  have  an  apparent  effect  on  fish  movements. 

4.2.3  Redd  survey 

In  2008  and  2010,  we  identified  26  redds  and  3 redds  respectively,  directly  upstream 
from  the  mouth  of  Deep  Creek.  We  did  not  observe  redds  in  this  reach  in  2009  (Figure 
4).  Redds  were  located  in  a single  gravel  bed  free  of  cover.  We  did  not  observe 
spawning  activity  during  our  surveys  throughout  the  lower  Livingstone  River. 


Figure  4.  Distribution  of  bull  trout  (BLTR)  redds  observed  in  the  lower  and  upper 
Livingstone  River,  2008  - 2010. 


16 


In  2009,  we  observed  a total  of  41  redds  between  the  mouths  of  Isolation  Creek  and 
Savanna  Creek,  a distance  of  5.1  km.  Within  the  same  reach,  we  identified  15  redds  in 
2010  prior  to  the  high  stream  flows.  Most  redds  were  established  along  the  margins  of 
the  stream  channel  where  overhanging  vegetation  and/or  woody  debris  was  present. 
The  remainder  of  redds  were  observed  in  the  centre  of  the  stream  channel,  concealed 
under  woody  debris  or  established  in  deep  water.  We  also  discovered  redds  along  the 
upstream  end  of  an  active  beaver  dam,  located  approximately  30  m upstream  from  the 
Isolation  Creek  bridge  crossing. 

4.2.4  Size  structure 


Average  fork  length  and  weight  varied  slightly  between  2009  and  2010,  but  was 
substantially  lower  in  2008  (Table  4;  Appendix  7). 


Table  4.  Summary  of  measurements  of  bull  trout  captured  in  the  lower  Livingstone 
River,  2008  - 2010. 


Year 

Fork  length  (mm) 

Weight  (g) 

n 

Mean  (±  SD) 

Range 

Mean  (+  SD) 

Range 

2008 

550.9  ±106.7 

333  - 680 

1656.5  ± 730.5 

350  - 2800 

19 

2009 

596.6  + 48.5 

525  - 671 

2150.0  + 476.5 

1300  - 2150 

7 

2010 

594.2  ± 54.0 

543  - 660 

2210.0  ± 627.9 

1450  - 3000 

5 

Sex  ratios  of  bull  trout  captured  in  the  lower  Livingstone  River  varied  between  trapping 
years,  although  true  representation  of  the  actual  sex  ratios  was  not  possible  because  of 
the  high  number  of  undetermined  fish  (Table  5).  Males  appeared  to  outnumber  females 
during  the  2009  and  2010  trapping  years,  but  were  less  abundant  than  females  in  the 
2008  trapping  year. 


Table  5.  Sex  distribution  of  bull  trout  captured  in  the  lower  Livingstone  River,  2008  - 
2010. 


Sex 

2008 

2009 

2010 

Male 

4 

4 

3 

Female 

7 

1 

1 

Undetermined 

8 

2 

1 

Total 

19 

7 

5 

4.3  Racehorse  Creek 

4.3.1  Fish  trap  catch 

We  captured  a total  of  32  migratory  adult  bull  trout  in  the  Racehorse  Creek  fish  trap 
between  2008  and  2010.  We  captured  15  bull  trout  in  2008,  8 in  2009,  and  9 in  2010.  The 
lower  fish  catch  in  2010  was  likely  a result  of  the  trap  failure.  Of  the  32  bull  trout 
captured  in  Racehorse  Creek,  28  were  tagged  at  Racehorse  Creek,  and  the  remaining  4 
fish  originated  from  other  tributaries  throughout  the  drainage.  Approximately  9.6%  of 
the  total  fish  trap  catch  from  this  study  was  captured  at  Racehorse  Creek. 

4.3.2  Spawning  behavior 

We  experienced  low  recapture  rates  in  Racehorse  Creek.  Of  the  28  bull  trout  captured,  2 
fish  were  recaptured  at  least  once  since  2008.  In  2009,  we  recaptured  2 Racehorse  Creek 
bull  trout  and  in  2010, 1 of  these  fish  was  recaptured  a second  time.  Both  these  fish  were 
repetitive  spawners  as  they  were  captured  in  two  or  more  years  consecutively. 

In  all  three  trapping  years,  we  captured  post-spawn  bull  trout  in  the  fish  trap  during  the 
month  of  September  (Appendix  8).  Bull  trout  began  their  post-spawn  migration  when 
average  water  temperatures  cooled  below  10®C. 

4.3.3  Migratory  patterns 

Over  the  duration  of  the  study  we  identified  several  drainage-wide  migration  events 
that  connected  bull  trout  from  Racehorse  Creek  to  other  spawning  tributaries.  During 
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2008,  we  identified  2 fish  from  Hidden  Creek  that  migrated  into  Racehorse  Creek;  1 fish 
was  tagged  in  Hidden  Creek  in  2007,  and  the  other  fish  was  tagged  in  Hidden  Creek 
earlier  that  season.  This  migration  pattern  was  repeated  by  another  fish  that  was  tagged 
in  Hidden  Creek  in  2008  and  recaptured  in  Racehorse  Creek  in  2009.  In  2010,  we 
recaptured  1 bull  trout  in  Racehorse  Creek  that  had  been  previously  tagged  in  Dutch 
Creek  in  2008.  In  2008,  we  tagged  1 female  bull  trout  in  Racehorse  Creek,  recaptured  the 
same  fish  later  in  the  spawning  season  in  the  lower  Livingstone  River,  and  recaptured  it 
a second  time  in  Racehorse  Creek  in  2009.  A second  Racehorse  Creek  bull  trout  tagged 
in  2008  was  recaptured  in  the  lower  Livingstone  River  later  in  2008. 

4.3.4  Redd  survey 

In  2008  and  2009,  we  conducted  redd  surveys  in  Racehorse  Creek  between  the  fish  trap 
and  the  north  and  south  forks  but  did  not  observe  any  redds.  In  2010,  we  observed  five 
redds  grouped  downstream  of  a major  logjam  that  was  likely  a fish  barrier  (Figure  5). 
These  redds  were  observed  beneath  vegetation  or  large  woody  debris,  and  situated  in 
gravel  substrate.  Following  high  flows  in  2010,  two  of  the  five  redds  were  washed  out. 

In  2009  and  2010,  we  observed  21  and  13  bull  trout  redds  respectively,  throughout  South 
Racehorse  Creek,  approximately  4 km  downstream  from  the  Atlas  Road  bridge  crossing. 
This  reach  is  characterized  by  its  relatively  narrow  channel  and  marginal  flow  and  is 
likely  unsuitable  for  larger  adult  bull  trout.  We  noticed  all  redds  were  situated  in  run 
sections  free  of  cover,  in  gravel  substrate.  In  2010  we  noticed  one  redd  was  washed  out 
due  to  high  flows.  Historically,  North  Racehorse  Creek  is  documented  as  a bull  trout 
spawning  reach  (Gerrand  and  Watmough  1996;  Gerrand  and  DeRosa  1997)  however,  we 
did  not  detect  any  redds  during  our  surveys.  Within  this  reach,  we  observed  the  stream 
channel  to  be  relatively  shallow  with  numerous  log  jams  and  silty  substrate  which 
suggests  that  this  reach  is  no  longer  suitable  bull  trout  spawning  habitat. 
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Figure  5.  Distribution  of  bull  trout  (BLTR)  redds  observed  in  Racehorse  Creek,  2009  - 
2010. 
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4.3.5  Size  structure 


We  observed  a slight  variation  in  average  fish  size  and  size  class  between  trapping  years 
at  Racehorse  Creek  with  the  largest  average  fork  length  and  weight  in  2009  (Table  6; 
Appendix  9). 


Table  6.  Summary  of  measurements  of  bull  trout  captured  in  Racehorse  Creek,  2008  - 
2010. 


Year 

Fork  length  (mm) 

Weight  (g) 

Mean  (±SD) 

Range 

Mean  (±SD) 

Range 

n 

2008 

560.1  ± 84.6 

434  - 693 

1663.3  ± 597.5 

700  - 2950 

15 

2009 

643.3  ± 60.0 

575  - 758 

2725.0  ± 995.0 

1900  - 4900 

8 

2010 

551.7  ±71.2 

468  - 673 

1750.0  + 721.5 

950  - 2900 

9 

True  representation  of  the  bull  trout  sex  ratio  in  Racehorse  Creek  was  invalid  because  of 
the  high  number  of  fish  of  undetermined  sex  (Table  7).  Of  those  fish  in  which  the  sex 
could  be  determined,  sex  ratios  varied  considerably  in  Racehorse  Creek  between 
trapping  years. 

Table  7.  Sex  distribution  of  bull  trout  captured  in  Racehorse  Creek,  2008  - 2010. 


Sex 

2008 

2009 

2010 

Male 

1 

3 

2 

Female 

6 

4 

2 

Undetermined 

8 

1 

5 

Total 

15 

8 

9 

4.4 

Dutch  Creek 

4.4.1 

Fish  trap 

We  captured  a total  of  33  migratory  adult  bull  trout  in  Dutch  Creek;  10  fish  in  2008,  4 in 
2009,  and  19  in  2010.  It  is  likely  that  we  missed  several  fish  during  the  three-day  period 
when  the  fish  trap  failed  in  2010.  A total  of  25  fish  were  captured  and  tagged  in  the 


Dutch  Creek  trap,  2 fish  originated  from  Hidden  Creek.  The  Dutch  Creek  bull  trout 
capture  constituted  10.0%  of  the  total  fish  trap  catch  in  the  UOM  River  drainage. 

4.4.2  Spawning  behavior 

Dutch  Creek  bull  trout  recapture  rates  were  minimal;  only  1 fish  was  recaptured  in  2008 
and  3 fish  in  2009.  These  fish  exhibited  both  repetitive  and  non-repetitive  (alternate- 
year)  spawning  behaviour. 

Over  three  years  of  trapping,  the  Dutch  Creek  bull  trout  post-spawn  migration  occurred 
throughout  the  month  of  September  (Appendix  10).  Fish  were  captured  evenly 
throughout  this  period  when  the  average  stream  temperature  dropped  below  9®C. 

4.4.3  Migratory  patterns 

One  fish  tagged  in  Dutch  Creek  in  2008,  was  recaptured  in  the  Livingstone  River  later 
the  same  season,  and  recaptured  a second  time  in  Dutch  Creek  in  2010.  Another  fish 
tagged  in  Dutch  Creek  in  2008  was  recaptured  in  Racehorse  Creek  in  2010. 

4.4.4  Redd  survey 

We  observed  23  redds  in  upper  Dutch  Creek  in  2008  (Figure  6).  The  highest  redd 
density  was  observed  in  the  upper  reach  of  Dutch  Creek,  both  upstream  and 
downstream  of  the  Atlas  Road  bridge  crossing.  Gerrand  and  Watmough  (1996)  and 
Gerrand  and  DeRosa  (1997)  also  observed  bull  trout  redds  in  this  reach.  In  2009,  we 
extended  our  redd  surveys  throughout  Dutch  Creek  and  located  67  redds.  Prior  to  the 
high  flows,  we  conducted  redd  surveys  in  2010  and  observed  31  redds  in  the  upper 
reach  and  1 redd  in  the  lower  reach,  approximately  3 km  upstream  from  the  fish  trap. 
Following  flooding,  we  resurveyed  previous  transects  and  discovered  several  new  bull 
trout  redds,  and  also  found  2 pre-existing  redds  had  been  washed  out. 

We  determined  spawning  occurred  in  Dutch  Creek  throughout  the  month  of  September. 
Redds  in  Dutch  Creek  were  located  where  groundwater  inflow  was  present.  The 
majority  of  redds  were  situated  in  gravel  substrate,  under  woody  debris,  overhanging 
vegetation  or  undercut  banks.  A large  logjam  was  observed  in  Dutch  Creek  and  in  2009 
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and  2010,  several  redds  were  located  immediately  downstream  of  this  logjam  suggesting 
that  spawning  fish  could  not  find  a passage  and  were  forced  to  spawn  in  this  area. 

The  greatest  redd  density  in  Dutch  Creek  was  observed  immediately  upstream  of  the 
Atlas  Road  bridge  crossing,  where  groundwater  input  and  subsurface  flow  was 
consistent.  Throughout  this  reach,  heavy  loads  of  fine  sediment  were  observed 
accumulating  in  the  stream  channel  and  settling  on  top  of  the  bull  trout  redds.  This 
sedimentation  is  most  likely  a result  of  the  dense  network  of  off-highway  vehicle  trails 
that  have  degraded  and  eroded  adjacent  stream  banks  releasing  sediment  into  the 
stream  and  is  a threat  to  the  survival  of  bull  trout  eggs  downstream. 

4.4.5  Size  structure 

Average  fork  length  and  weight  of  fish  captured  in  Dutch  Creek  varied  slightly 
throughout  the  study  period  with  the  highest  values  in  2009  (Table  8;  Appendix  11). 

Table  8.  Summary  of  measurements  of  bull  trout  captured  in  Dutch  Creek,  2008  - 
2010. 


Year 

Fork  length  (mm) 

Weight  (g) 

Mean  (+SD) 

Range 

Mean  (+SD) 

Range 

n 

2008 

598.9  ±48.2 

518  - 670 

1955.0  ±531.0 

1200  - 2750 

10 

2009 

622.5  ± 50.1 

581  - 683 

2250.0  ±558.3 

1600  - 2850 

4 

2010 

582.7  + 62.1 

455  - 652 

1809.2  ± 530.3 

950  - 2550 
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Female  bull  trout  outnumbered  males  in  our  2008  catch.  The  sex  ratio  between  females 
and  males  was  more  even  in  both  2009  and  2010  (Table  9). 

Table  9.  Sex  distribution  of  bull  trout  captured  in  Dutch  Creek,  2008  - 2010. 


Sex 

2008 

2009 

2010 

Male 

1 

2 

8 

Female 

6 

2 

9 

Undetermined 

3 

0 

2 

Total 

10 

4 

19 
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4.5  Additional  redd  surveys 


In  2009  and  2010  (prior  to  high  flows)  we  conducted  redd  surveys  in  the  UOM  River  and 
observed  21  redds  and  6 redds  (prior  to  flooding),  respectively  (Figure  7).  Throughout 
the  duration  of  these  surveys,  we  observed  several  adult  bull  trout  actively  spawning 
during  the  first  half  of  September.  We  observed  most  redds  in  areas  lacking  cover  along 
the  river's  margins.  Redds  were  common  in  medium-sized  gravel  that  remained  clear  of 
algae  growth  and  silt  throughout  the  fall. 


Figure  7.  Distribution  of  bull  trout  (BLTR)  redds  observed  in  the  upper  Oldman  River, 
2009  - 2010. 


Commencing  in  2009,  redd  surveys  were  conducted  for  1.5  km  in  Savanna  Creek  where 
we  observed  1 redd  each  in  2009  and  2010  (Figure  8).  During  both  survey  years,  we 
observed  several  bull  trout  (approximately  300  mm  FL)  in  Savanna  Creek  in  the  plunge 
pool  below  the  falls. 


Figure  8.  Distribution  of  bull  trout  (BLTR)  redds  observed  in  Savanna  Creek,  2009  - 
2010. 
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In  2009  and  2010,  redd  surveys  were  conducted  in  Daisy  Creek  for  5 km  upstream  of  the 
mouth.  No  redds  were  observed  in  2009  but  2 redds  were  observed  in  2010,  prior  to  the 
high  flows  (Figure  9).  During  both  survey  years,  we  observed  several  bull  trout 
inhabiting  the  same  large  pool  in  the  canyon. 


Figure  9.  Distribution  of  bull  trout  (BLTR)  redds  observed  in  Daisy  Creek,  2010 


In  2009,  we  conducted  a redd  survey  from  the  mouth  of  Mean  Creek  to  the  HWY  940 
culvert  crossing  but  did  not  detect  any  redds.  As  the  culvert  appeared  to  be  an 
impassable  barrier,  we  did  not  complete  redd  surveys  upstream  of  the  culvert. 

We  conducted  one  redd  survey  in  Isolation  Creek  in  2009,  for  500  m upstream  of  the 
mouth,  but  did  not  detect  any  redds  or  spawning  activity  throughout  this  stream.  We 
determined  the  stream  was  unsuitable  for  bull  trout  spawning  because  of  the  undefined 
stream  channel  and  unsuitable  stream  flow. 


5.0  DISCUSSION 


It  is  evident  that  the  Hidden  Creek  bull  trout  sub-population  is  the  largest  migratory 
bull  trout  population  in  the  UOM  River  drainage.  The  remainder  of  the  bull  trout 
migratory  population  is  from  Dutch  Creek,  Racehorse  Creek,  and  the  Livingstone  River 
(in  order  of  importance).  Warnock  (2008)  identified  the  same  population  trend  and 
attributed  it  to  the  variable  accessibility  of  spawning  habitat.  He  speculated  that  the 
presence  of  migratory  obstructions  in  some  of  the  tributaries,  such  as  seasonal  barriers, 
limits  the  number  of  fish  successfully  spawning,  thus  producing  fewer  migrants. 

Spawning  habitat  in  Hidden  Creek  is  relatively  accessible  to  bull  trout,  as  most 
spawning  occurs  within  the  first  4 km  of  the  tributary.  Hidden  Creek  Falls  creates  a 
definite  seasonal  fish  barrier  and  limits  migratory  fish  from  spawning  upstream.  With 
the  exception  of  a few  stream-resident  bull  trout,  most  bull  trout  in  the  Hidden  Creek 
sub-population  are  migratory,  spawning  in  Hidden  Creek  during  the  fall  and 
overwintering  in  various  tributaries  and  mainstem  channels  throughout  the  UOM  River 
drainage.  Hidden  Creek  is  therefore  vital  to  the  long-term  persistence  of  bull  trout  in 
the  UOM  River  drainage. 

The  decline  in  fish  trap  catch  rates  we  observed  in  the  course  of  the  study  may  be 
attributed  to  several  factors.  Trap  avoidance  behaviour  would  explain  declining  catches 
however,  the  proportion  of  recaptures  in  Hidden  Creek  increased  over  the  course  of  the 
study  indicating  trap  avoidance  was  not  widespread.  We  also  found  no  evidence  of  a 
decrease  in  the  fish  catch  to  redd  ratio,  which  would  be  expected  if  captured  fish  were 
avoiding  the  trap.  While  unlikely,  if  trap  avoidance  did  occur  during  our  trapping 
efforts,  then  catchability  of  marked  and  unmarked  fish  would  have  been  unequal. 

A more  likely  explanation  is  that  the  decline  in  catch  rates  is  a result  of  the  variability  in 
the  frequency  of  bull  trout  spawning.  Johnston  and  Post  (2009)  identified  a density- 
dependent  response  in  which  the  number  of  bull  trout  spawning  in  consecutive  years 
decreased  as  the  density  of  adult  fish  increased.  Our  trapping  and  recapture  data 
suggests  that  a similar  density-dependant  response  may  be  occurring  in  Hidden  Creek, 
since  14%  of  the  catch  were  alternate-year  spawners  and  65%  were  single-year 
spawners. 
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The  Livingstone  River  sub-population  contributed  the  least  number  of  bull  trout 
migrants,  which  may  be  due  to  poor  accessibility  to  spawning  habitat.  Downstream  of 
the  Livingstone  falls,  suitable  bull  trout  spawning  habitat  was  minimal  and  likely 
reflected  in  our  low  catch  rates.  The  lower  reach  of  the  Livingstone  River  is  comprised 
of  numerous,  large  deep  pools  which  may  be  suitable  overwintering  habitat  for  adult 
bull  trout.  It  is  possible  that  our  fish  catch  failed  to  represent  the  actual  migratory  sub- 
population, as  some  post-spawn  bull  trout  might  overwinter  upstream  of  the  trap.  Our 
recapture  data  suggests  that  the  lower  Livingstone  River  provides  overwintering  habitat 
for  adult  bull  trout  from  Hidden  Creek,  Racehorse  Creek,  and  Dutch  Creek.  Redds 
observed  in  the  Livingstone  River,  upstream  of  the  falls  indicate  the  presence  of  a 
stream-resident  bull  trout  population  confirming  the  observations  of  Warnock  (2008). 

Our  Racehorse  Creek  trapping  and  redd  data  indicates  the  presence  of  both  migratory 
and  stream-resident  bull  trout,  given  that  the  number  of  redds  exceeded  the  number  of 
fish  caught.  Redds  observed  in  South  Racehorse  Creek  were  likely  produced  by  stream- 
resident  bull  trout,  as  the  small  channel  size  and  low  flow  we  observed  in  this  stream 
would  be  unsuitable  for  larger,  migratory  bull  trout.  Access  to  South  Racehorse  Creek  is 
also  limited  for  migratory  bull  trout,  due  to  a set  of  waterfalls  approximately  2 km 
upstream  from  the  stream's  mouth.  Access  to  Racehorse  Creek  may  also  be  limited  by  a 
large  logjam  approximately  1 km  downstream  of  the  confluence  of  South  Racehorse  and 
North  Racehorse  creeks  that  was  a fish  barrier.  The  Racehorse  Creek  bull  trout  sub- 
population comprises  a small  proportion  of  the  migrants  in  the  UOM  drainage.  Our 
recapture  data  suggests  that  Racehorse  Creek  also  provides  overwintering  habitat  for 
post-spawn  migratory  bull  trout  from  Hidden  Creek. 

We  observed  a number  of  similarities  between  Dutch  Creek  and  Racehorse  Creek. 
Based  on  our  data,  we  identified  both  migratory  and  stream-resident  bull  trout 
populations  in  Dutch  Creek,  since  the  number  of  redds  far  exceeded  our  fish  catch.  A 
large  logjam  observed  in  Dutch  Creek  has  likely  blocked  fish  migration,  resulting  in  an 
isolated  population.  Most  redds  were  observed  upstream  of  this  barrier  and  it  is  likely 
that  the  majority  were  created  by  stream-resident  bull  trout.  However,  during  redd 
surveys,  we  observed  relatively  large  (>400  mm  FL)  bull  trout  spawning  upstream  of  the 
logjam  that  were  not  caught  in  the  fish  trap.  It  is  uncertain  whether  these  fish  were 
migratory  fish  that  have  become  isolated  from  the  downstream  population  or  stream- 
resident  fish. 


Catch  totals  and  redd  densities  all  underscore  the  importance  of  Hidden  Creek  as  a 
spawning  stream  for  the  migratory  bull  trout  population  of  the  UOM  River  drainage.  It 
is  imperative  that  the  spawning  habitat  in  Hidden  Creek  not  become  degraded  or 
compromised.  It  is  probable  that  the  Livingstone  River,  as  well  as  Dutch  and  Racehorse 
creeks,  once  supported  larger  populations  of  migratory  bull  trout  but  now  support 
stream-resident  populations  in  their  headwaters  and  receive  limited  use  by  migratory 
bull  trout. 
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Appendix  1.  Locations  and  dates  fish  traps  were  operational  in  the  UOM  River  drainage,  2007  - 2010. 
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Appendix  2.  Redd  survey  data  collected  from  bull  trout  spawning  tributaries  in  the  UOM  River  drainage,  2008  - 2010  (mean 
±SD). 


No  of  Redd  length  (cm)  Redd  width  (cm) 

Waterbody  Year  Survey  period  Mean(±SP)  Range  Mean(±SD)  Range 

Oldman  2009  Sep  19 -Oct  5 21  112.5  ±21.7  70-160  53.8  ±19.0  30-120 

River  2010  Sep  2 -Oct  2 5 126.0  + 47.2  60-190  88.0  + 42.7  50-150 
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Appendix  3.  Bull  trout  capture  history  in  the  UOM  drainage,  2007  - 2010.  FL  = Fork  length,  FIDDN  = Hidden  Creek,  LVGS  = 
Livingstone  River,  RH  = Racehorse  Creek,  DTCH  = Dutch  Creek,  VCRY  = Vicary  Creek,  Gap  = Gap  Falls,  Wald  = 
Waldron  Falls,  STN  = Station  Creek,  DSY  = Daisy  Creek,  OLDM  = Oldman  River,  NRH  = North  Racehorse  Creek,  SRH 
= South  Racehorse  Creek,  PRTRD  = Upstream  of  Oldman  Reservoir. 
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Appendix  3.  Continued. 
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Appendix  4.  Timing  of  the  post-spawn  migration  of  bull  trout  and  daily  average  water 
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Appendix  5.  Length-frequency  distribution  of  bull  trout  captured  in  Hidden  Creek, 
2007-2010. 
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Appendix  6.  Timing  of  the  post-spawn  migration  of  bull  trout  and  daily  average  water 
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Appendix  7.  Length-frequency  distribution  of  bull  trout  captured  in  the  lower 
Livingstone  River,  2008. 
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Appendix  8.  Timing  of  the  post-spawn  migration  of  bull  trout  and  daily  average  water 
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Appendix  9.  Length-frequency  distribution  of  bull  trout  captured  in  Racehorse  Creek, 
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Appendix  10.  Timing  of  the  post-spawn  migration  of  bull  trout  and  daily  average  water 
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Appendix  11.  Length-frequency  distribution  of  bull  trout  captured  in  Dutch  Creek, 
2008  and  2010. 
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